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(54) CHARGE-PUMP CIRCUIT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a charge-pump circuit having high 
efficiency and a large output current. 

SOLUTION: Two front-stag MOS transistor M1, M2 for charge transmission 
are configured in a N-channel pattern, arid two rear-stage MOS transistor M3, 
M4 for charge transmission in a P-channel pattern. Also, there are mounted 
inverting level-shift circuits S1 , S2 enabling the output of an intermediate 
potential arid noh-inverting level-shift circuits S3, S4. By way of these 
configurations; the charge-pump circuit having high efficiency and a large 
output current is materialized as well as an inter-gate/source voltage Vgs 
(transistors iri ON-state) of the transistors M1 to M4 for charge transrhission 
is evened to 2Vdd. 




LEGAL STATUS r- " ' - ^ - • v ■ '~ •"' - ' 

[Date of request for examination] 1 1 .1 0.2002 

[Date of sending the examiner's decision of rejection] 

[Kind of final disposal of application other than the 
examiner's decision of rejection or application converted 
registration] 

[Date of final disposal for application] 

[Patent number] 34751 78 

[Date of registration] 19.09.2003 

[Number of appeal against examiner's decision of 
rejection] 

[Date of requesting appeal against examiner's decision 
of rejection] 

[Date of extinction of right] 

Copyright (C); 1 998,2003 Japan Patent Office 
- 1 - 

BEST AVAILABLE COPY 



* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The MOS transistor for a charge transfer of the individual (n+2) by which the series connection was 
carried out while predetermined input voltage was impressed to the charge transfer MOS transistor of the first 
rank, The coupling capacitor to which the end was connected at each node of said MOS transistor for a charge 
transfer, In the charge pump circuit which equips the other end of said coupling capacitor with the clock driver 
who supplies the clock pulse of opposition by turns, and outputs a forward pressure-up electrical potential 
difference from the latter MOS transistor for a charge transfer While constituting the MOS transistor for a charge 
transfer of the two latter parts from a P channel and constituting n residual MOS transistors for a charge transfer 
from an N channel mold The charge pump circuit characterized by establishing a circuit means to impress gate 
voltage from which the electrical potential difference between the gate sources serves as constant value when 
said MOS transistor for a charge transfer turns on. 

[Claim 2] In a charge pump circuit according to claim 1 said circuit means The reversal level shift circuit which 
controls turning on and off of said N channel type of MOS transistor for a charge transfer according to said clock 
pulse, The noninverting level shift circuit which controls turning on and off of said P channel type of MOS 
transistor for a charge transfer according to said clock pulse, The charge pump circuit characterized by using the 
electrical potential difference of the node of the preceding paragraph as a power source by the side of the low 
voltage of said noninverting level shift circuit while using the electrical potential difference of the node of the 
latter part by which the pressure up was carried out as a power source by the side of the high potential of a 
preparation and said reversal level shift circuit. 

[Claim 3] The charge pump circuit characterized by using the electrical potential difference of a node one step 
ago as a power source by the side of the low voltage of said noninverting level shift circuit in a charge pump 
circuit according to claim 2 while using the electrical potential difference of a node one step after as a power 
source by the side of the high potential of said reversal level shift circuit. 

[Claim 4] The charge pump circuit characterized by outputting the pressure-up electrical potential difference of 
the MOS transistor for a charge transfer of an intermediate stage, and using as a power source of other circuits 
in a charge pump circuit. according. to claim 3. , .. . • ..^.-v'-...- . 

[Claim 5] The charge pump circuit characterized by preventing the back flow of the current of said MOS . 
transistor for a charge transfer by making the duty of the clock pulse supplied to the clock pulse supplied to said 
coupling capacitor, said reversal level shift circuit, and a noninverting level shift circuit in a charge pump circuit 
according to claim 3 differ. 

[Claim 6] The MOS transistor for a charge transfer of the individual (n+2) by which the series connection was 
carried out while predetermined input voltage was impressed to the charge transfer MOS transistor of the first 
rank, The coupling capacitor to which the end was connected at each node of said MOS transistor for a charge 
transfer, In the charge pump circuit which equips the other end of said coupling capacitor with the clock driver 
who supplies the clock pulse of opposition by turns, and outputs a negative pressure-up electrical potential 
difference from the latter MOS transistor for a charge transfer While constituting the MOS transistor for a charge 
transfer of the two latter parts from an N channel and constituting n residual MOS transistors for a charge 
transfer from a P channel mold The charge pump circuit characterized by establishing a circuit means to impress 
gate voltage from which the electrical potential difference between the gate sources serves as constant value 
when said MOS transistor for a charge transfer turns on. 

[Claim 7] In a charge pump circuit according to claim 6 said circuit means The reversal level shift circuit which 
controls turning on and off of said P channel type of MOS transistor for a charge transfer according to said clock 
pulse, The noninverting level shift circuit which controls turning on and off of said N channel type of MOS 
transistor for a charge transfer according to said clock pulse, The charge pump circuit characterized by using the 
electrical potential difference of the node of the preceding paragraph as a power source by the side of the high 
potential of said noninverting level shift circuit while using the electrical potential difference of the node of the 
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latter part by which the pressure up was carried out as a power source by the side of the low voltage of a 
preparation and said reversal level shift circuit. 

[Claim 8] The charge pump circuit characterized by using the electrical potential difference of a node one step 
ago [ as a power source by the side of the high potential of said noninverting level shift circuit ] in a charge pump 
circuit according to claim 7 while using the electrical potential difference of a node one step aftenas a power 
source by the side of the low voltage of said reversal level shift circuit. 

[Claim 9] The MOS transistor for a charge transfer of two or more same channel molds by which the series 
connection was carried out while input voltage was impressed to the charge transfer MOS transistor of the first 
rank, The coupling capacitor to which the end was connected at each node of said MOS transistor for a charge 
transfer, With the clock driver who supplies the clock pulse of opposition to the other end of said coupling 
capacitor by turns The charge pump circuit characterized by having the level shift circuit which supplies the 
electrical potential difference for making the gate of the MOS transistor for a charge transfer turn on and off the 
MOS transistor for a charge transfer concerned according to said clock pulse.. : 

[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the charge pump circuit which enabled especially efficient and a 

high current output about the charge pump circuit used for a power circuit etc. 

[0002] 

[Description of the Prior Art] In order to incorporate the image, CCD (Charge Coupled Devices) is being used for 
visual equipments, such as a video camera in recent years, a digital still camera (DSC), and DSC RON. the CCD 
:; drive^circuit;for driving CCD et the high ..V4Qjtde^(about»ten:vV): of plusrand rhinus ^ and thS'pbwe^^ 
high current (several mA) is needed. Current and this high voltage are generated using a switching regulator. 
[0003] A switching regulator can generate the high voltage with high performance (output power/input power), i.e., 
high power efficiency. However, this circuit has the fault which generates a higher-harmonic noise at the time of 
switching of a current, and must shield and use a power circuit. Furthermore, a coil is needed as external 
components. 

[0004] On the other hand, although a charge pump circuit can generate the high voltage in a small noise, it has 
the fault that power efficiency is worse than before, and this cannot be used for it as a power circuit of the 
pocket device which makes power efficiency the specification of the highest priority. Then, if the charge pump 
circuit of high performance is realizable, it can contribute to the miniaturization of a pocket device. 
[0005] The Dixon (Dickson) charge pump circuit is known as conventional most fundamental charge pump circuit, 
and it is. This circuit is indicated in detail by for example, technical reference "John F.Dickson "On-chip High- 
Voltage Generation in MNOS Integrated Circuits Using an Improved Voltage Multiplier Technique" IEEE JOURNAL 
OF SOLID-STATE CIRCUITS, VOL.SC-1 1, and NO.3 pp.374-378 JUNE 1976." 

[0006] Drawing 1 1 is the outline circuit diagram showing four steps of Dixon charge pump circuits. Series 
connection of the five diodes is carried out in drawing 1 1 . C is [ an output capacitance, and CLK and CLKB of 
joint capacity and CL ] the input clock pulses of opposition mutually. Moreover, 51 is a clock driver and 52 is a 
current load. 

[0007] In a stable state, when constant current lout flows to an output, the input current to a charge pump circuit 
turns into a current from input voltage Vin, and a current supplied from a clock driver. These currents are as 
follows when the charge and discharge current to parasitic capacitance is disregarded. phi1= Yes (High), phi 2 = 
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the average current of 2Iout(s) flows in the direction of a low (Low) period and the continuous-line arrow head in 
drawing. Moreover, a phi1= low (Low) and phi2= The average current of 2Iout(s) flows in the direction of the 
period of yes (High), and the broken-line arrow head of drawing. All of these average currents in a clock cycle are 
set to lout. The pressure-up electrical potential difference Vout of the charge pump circuit in a stable state is 
expressed as follows. 
[0008] 
[Equation 1] 

[0009] Here, VphP is a voltage swing produced with joint capacity with change of a clock pulse in each connection 
node. The voltage drop which produces VI according to the output current lout, and Vin are input voltage, and are 
usually set to 0V by supply voltage Vdd and the minus pressure up at the plus pressure up. Forward-bias diode 
voltage (Fo rward bias diodevoltage) n of Vd is a pumping number of stages. Furthermore, VI Vphi' is expressed 
with a degree type. 

lout _ 2Ioxit T/2 

Vl = f(C+C8)^ C+Cs 

[0011] 
[Equation 3] 

[0012] Here, parasitic capacitance [ in / C, and / in CS / each connection node ] (stray capacitance at each 
node) and Vphi are [ the frequency of a clock pulse and T of the amplitude (clock pulse amplitude) of a clock 
pulse and f ] clock periods (clock period). [ clock joint capacity (clock coupling capacitance) ] When the power 
efficiency of a charge pump circuit disregards the charge and discharge current which flows from a clock driver to 
parasitic capacitance and makes it Vin=Vdd, it is expressed with the following formulas. 
[0013] 
[Equation 4] 

[0014] Thus, it sets in a charge pump circuit and is a charge coupled device (charge transfer device) about diode. 
The pressure up is performed by using by carrying out and transmitting a charge to the next step one after 
another. However, considering loading to an.MOS.IC, it is easy to realize those who use an MOS transistor from 
the diode of pn Junction from the compatibility to a process; Then, using ah -MOS transistor instead of /diode as a - 
component for a;charge transfer was proposed. In this case, in a formula (1),.Vd serves as the threshold voltage 
(threshold voltage) Vt of an MOS transistor. 

[0015] Now, in order to lose the electrical-potential-difference loss for threshold voltage Vt (voltage loss) and to 
realize a high performance charge pump circuit, corresponding to the value of lout, the impedance of the MOS 
transistor for a charge transfer must be lowered. For that purpose, it is effective to raise the electrical potential 
difference Vgs between the gate sources more than supply voltage Vdd at the same time it optimizes the channel 
width of the MOS transistor for a charge transfer. The charge pump circuit which realized this is indicated by for 
example, technical reference "Jieh-Tsorng Wu"MOS Charge Pumps for Low-Voltage Operation" IEEE JOURNAL 
OF SOLID-STATE CIRCUITS.VOL.33, NO.4 APRIL 1998" at the detail. 
[0016] 

[Problem(s) to be Solved by the Invention] When this invention person examined the charge pump circuit of the 
above-mentioned technical reference, he found out the following troubles. The circuit diagram of one charge 
pump circuit carried by this reference is shown in drawing 1 2 . Among drawing, MD1-MD4 are the diodes for 
initialization of each pump node, and they do not contribute to pumping actuation. The description of this circuit is 
the point of having returned the electrical potential difference of the pumping node of the latter part which 
carried out the pressure up as an electrical potential difference Vgs between the gate sources of MOS 
transistors MS1-MS3 for a charge transfer, and having given 2Vdd. However, about MOS transistor MS4 for a 
charge transfer of the last stage, it is difficult to give 2Vdd(s) as Vgs, and cannot avoid that an electrical- 
potential-difference loss arises. 

[0017] Other charge pump circuits carried by the above-mentioned reference are charge pump circuits of the 
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dynamic method shown in drawing 1 3 . In order that Vgs of MOS transistor MD4 may avoid Vdd+ (Vdd-Vth) and 
that Vgs of MOS transistor MDO falls with (Vdd-Vth) further, the high-voltage clock generation machine (High- 
voltage clock generator) of a bootstrap (boot-strap) method is used for this circuit. Moreover, all MOS transistors 
MS1-MS4 for a charge transfer consist of N channel molds. 

[0018] When a current load is small, since the MOS transistor size for a charge transfer is small, namely, gate 
parasitic capacitance is small, this method is effective. However/in order to realize the charge pump circuit of a 
high current output, channel width of the MOS transistor for a charge transfer must be set to several mm, as a 
result, the gate parasitic capacitance of an MOS transistor serves as size (several pF), and it becomes most 
difficult to make the clock of 2Vdd(s) with a bootstrap system. Moreover, there was a fault that the technique of 
impressing the electrical potential difference more than supply voltage Vdd had to be separately devised as an 
electrical potential difference Vgs between the gate sources of the latter MOS transistor for a charge transfer. 
[0019] In view of the technical problem which solves the trouble of the above-mentioned conventional technique, 
it succeeds in this invention, it loses the electrical-potential-difference loss resulting from the threshold voltage 
Vt of the MOS transistor for a charge transfer, and aims at efficient and offering the charge pump circuit of a high 
power current. Moreover, this invention aims at making possible the optimum design of the MOS transistor for a 
charge transfer while it secures gate oxide pressure-proofing by setting the absolute value of the electrical 
potential difference Vgs between the gate sources of all the MOS transistors for a charge transfer to 2Vdd(s). 
[0020] 

[Means for Solving the Problem] During invention of this application, if the outline of a typical thing is explained, it 
will be as follows. 

[0021] The MOS transistor for a charge transfer of the individual (n+2) to which the series connection of the 1st 
charge pump circuit was carried out while predetermined input voltage was impressed to the charge transfer MOS 
transistor of the first rank, The coupling capacitor to which the end was connected at each node of the MOS 
transistor for a charge transfer, In the charge pump circuit which equips the other end of a coupling capacitor 
with the clock driver who supplies the clock pulse of opposition by turns, and outputs a forward pressure-up 
electrical potential difference from the latter MOS transistor for a charge transfer While constituting the MOS 
transistor for a charge transfer of the two latter parts from a P channel and constituting n residual MOS 
transistors for a charge transfer from an N channel mold When the MOS transistor for a charge transfer turns on, 
a circuit means to impress gate voltage from which the electrical potential difference between the gate sources 
serves as constant value is established. 

[0022] According to this means, the electrical-potential-difference loss resulting from the threshold voltage Vt of 
the MOS transistor for a charge transfer can be lost, and the charge pump circuit of efficient and a high power 
current can be offered. And while being stabilized and being able to secure gate oxide pressure-proofing by 
making the absolute value of the electrical potential difference Vgs between the gate sources of all the MOS 
^transistors fora chargevtrahsfe ; 
transistor for a charge transfer/becomes possible; - • : ... 

[0023] The 2nd charge pump circuit is set in the 1st charge pump circuit. A circuit means The reversal level shift 
circuit which controls turning on and off of the MOS transistor for a charge transfer of an N channel mold 
according to a clock pulse, The noninverting level shift circuit which controls turning on and off of the MOS 
transistor for a charge transfer of a P channel mold according to a clock pulse, While using the electrical potential 
difference of the node of the latter part by which the pressure up was carried out as a power source by the side 
of the high potential of a preparation and a reversal level shift circuit, the electrical potential difference of the 
node of the preceding paragraph is used as a power source by the side of the low voltage of a noninverting level 
shift circuit. 

[0024] While according to this means controlling turning on and off of the MOS transistor for a charge transfer by 
the reversal level shift circuit arid the noninverting level shift circuit and making a pressure up possible by them, 
the electrical potential difference Vgs between the gate sources of all the MOS transistors for a charge transfer 
can be made into constant value. 

[0025] In the 2nd charge pump circuit, the electrical potential difference of a node one step ago is used for it as a 
power source by the side of the low voltage of a noninverting level shift circuit while the electrical potential 
difference of a node one step after is used for the 3rd charge pump circuit as a power source by the side of the 
high potential of a reversal level shift circuit. 

[0026] According to this means, the electrical potential difference Vgs between the gate sources of all the MOS 
transistors for a charge transfer can be set to 2Vdd(s). 

[0027] In the 3rd charge pump circuit, the 4th charge pump circuit outputs the pressure-up electrical potential 
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difference of the MOS transistor for a charge transfer of an intermediate stage, and it is used for it as a power 
source of other circuits. 

[0028] According to this means, the power circuit of other circuits which need the high voltage can be omitted, 
and the increase in efficiency of an integrated circuit on a design can be attained. 

[0029] The 5th charge pump circuit prevents the reverse current of the MOS transistor for a charge transfer in 
the 3rd charge pump circuit by making the duty of the clock pulse supplied to the clock pulse and reversal level 
shift circuit which are supplied to a coupling capacitor, and a noninverting level shift circuit differ. 
[0030] According to this means, the loss of power consumption can be prevented. 
[0031] 

[Embodiment of the Invention] Hereafter, the operation gestalt of this invention is explained, referring to drawing 
1 ~ drawing 9 . Drawing 1 is the outline circuit diagram showing the three-step charge pump circuit concerning 
the 1st operation gestalt of this invention. 

[0032] In drawing 1 , series connection of four MOS transistors M1-M4 for a charge transfer is carried out The 
point that M3 and M4 of an N channel mold and the latter part are a P channel mold as for M1 and M2 of the 
preceding paragraph is one description. The gate and the electrical potential difference Vgb between substrates 
of M1-M4 are connected so that it may become the same value as the electrical potential difference Vgs 
between the gate sources, and the source and a substrate may serve as this potential. Moreover, supply voltage 
Vdd is supplied to the source of M1 as input voltage Vin. Moreover, the pressure-up electrical potential difference 
Vout from the drain of M4 is outputted, and the current load L is supplied. 

[0033] C1, C2, and C3 are the coupling capacitors to which the end was connected at the node (pumping node) of 
MOS transistors M1-M4 for a charge transfer. The clock pulse CLKB of a clock pulse CLK, this, and opposition is 
impressed to the other end of coupling capacitors C1-C3 by turns. A clock pulse CLK and CLKB are outputted 
from a non-illustrated clock driver. Supply voltage Vdd shall be supplied to this clock driver. 
[0034] The output of the reversal level shift circuits S1 and S2 is supplied to each gate of MOS transistors M1 
and M2 for a charge transfer. Moreover, the output of the noninverting level shift circuit S3 and S4 is supplied to 
each gate of MOS transistors M3 and M4 for a charge transfer. . . 

[0035] The circuitry and the wave form chart of operation of the reversal level shift circuits S1 and S2 are shown 
in drawing 2 . As shown in drawing 2 (a), this reversal level shift circuit is equipped with the input inverter INV, 
difference input MOS transistors M11 and M12, and MOS transistors M13 and M14 by which cross connection 
was made. The configuration so far is the same as that of the conventional level shift circuit. 

[0036] This reversal level shift circuit is equipped with MOS transistors M15 and M16 by which pull-up connection 
was made in addition to these. And while an electrical potential difference V12 is impressed to the gate of MOS 
transistor M15, potential A is impressed to the source. 

[0037] Moreover, while the electrical potential difference V11 of V12 and opposition is impressed to the gate of 

MOS -transistor M 16;. p is'ther potential: A>^|3otentiateBrAA's^fo'r :M1:t 

and Ml 2, an N channel moid, and M13-M16 are P channel molds. : - ^ ' l:. 

[0038] Moreover, in the level shift circuit of an above-mentioned configuration, as shown in drawing 2 (b), you 

may change so that MOS transistors M15 and M16 may be considered as an inverter configuration. 

[0039] The wave of the reversal level shift circuit of a configuration of having mentioned above of operation is 

shown in drawing 2 (c). The point that this level shift circuit outputs potential A and the middle potential B 

(A>B>0V) by turns to the conventional level shift circuit outputting a high (High) electrical potential difference and 

0V is the description. By using this circuit, it becomes possible to arrange the absolute value of the electrical 

potential difference between gate drains of MOS transistors M1 and M2 for a charge transfer with a fixed 

electrical potential difference (2Vdd) so that it may mention later. 

[0040] Next, the circuitry and the wave form chart of operation of the noninverting level shift circuit S3 and S4 
are shown in drawing 3 </A>. A different point from the reversal level shift circuits S1 and S2 is a point that an 
electrical potential difference V1 1 is impressed to the gate of MOS transistor M15 by which pull-up was carried 
out to potential A, and the electrical potential difference V1 2 is impressed to the gate of MOS transistor M1 6 by 
which pull-up was carried out to potential B ( drawing 3 (a)). In addition, as shown in drawing 3 (b), MOS 
transistors M15 and M16 may be made an inverter configuration. 

[0041] As shown in the wave form chart of drawing 3 (c) of operation, this noninverting level shift circuit S3 and 
S4 perform noninverting level shift actuation to input voltage IN. By using this level shift circuit, it becomes 
possible to arrange the absolute value of the electrical potential difference between gate drains of MOS 
transistors M3 and M4 for a charge transfer with a fixed electrical potential difference (2Vdd) so that it may 
mention later. 
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[0042] The connection relation between the reversal level shift circuits S1 and S2, the noninverting level shift 
circuit S3, and S4 and a charge pump circuit is as follows. Clock pulse CLKB' is inputted into clock pulse CLK' 
and the reversal level shift circuit S2 in the reversal level shift circuit S1. Although clock pulse CLK' and CLKB' 
are created from a clock pulse CLK and CLKB, respectively, in order to prevent that a current flows backwards to 
MOS transistors M1-M4 for a charge transfer, the low (Low) period is short. That is, after MOS transistors M1~ 
M4 for a charge transfer turn off completely, change of a clock pulse CLK and CLKB is made to perform the 
pressure up of each pumping node. The phase relation of the above-mentioned clock pulse is shown in drawing 4 . 
[0043] Moreover, as a power source by the side of the high potential of the reversal level shift circuit S1 
(potential A), it returns and the electrical potential difference V2 of the pumping node after [ one step of] the 
pressure up was carried out is used as shown in drawing 1 . It returns and the electrical potential difference V3 of 
the pumping node after [ one step of ] the pressure up was similarly carried out as a power source by the side of 
the high potential of the reversal level shift circuit S2 (potential A) is used. Moreover, as a power source by the 
side of the low voltage of the reversal level shift circuits S1 and S2 (potential B), Vdd which is the electrical 
potential difference of each stage, and V1 are impressed, respectively. 

[0044] On the other hand, as a power source by the side of the low voltage of the noninverting level shift circuit 
S3 (potential B), the electrical potential difference V1 of the pumping node of one step ago is used, and the 
electrical potential difference V2 of the pumping node of one step ago is similarly used as a power source by the 
side of the low voltage of noninverting level shift circuit S4 (potential B). Moreover, as a power source by the side 
of the high potential of the reversal level shift circuits SI and S2 (potential A), V3 and Vout which are the 
electrical potential difference of each stage are impressed, respectively. 

[0045] It will be as follows if the description of the charge pump circuit by this operation gestalt mentioned above 
is summarized. MOS transistors M1 and M2 for a charge transfer of the two preceding paragraphs consist of 
[ 1 st ] N channel molds, and MOS transistors M3 and M4 for a charge transfer of the two latter parts are points 
which consist of P channel molds. It is the point of having prepared the reversal level shift circuits S1 and S2 and 
the noninverting level shift circuit S3 which enabled the output of middle potential, and S4 in the 2nd. 
[0046] By these configurations, arranging the electrical potential difference Vgs between the gate sources of the 
transistors M1-M4 for a charge transfer with 2Vdd as follows (when a transistor being an ON state) is drawn. 
First, the relation of a degree type is realized. 

The following relation consists of pressure-up actuation of Vgs(M1) =V2(High)-VddVgs(M2) =V3(High)-V1(High) 
Vgs(M3) =V1(Low)-V3(Low) Vgs(M4) =V2(Low)-Vout, next the charge pump of a steady state further. 
V1 (High) =2Vdd, V1 (Low) =VddV2(High) =3Vdd, V2(Low) =2VddV3(High) =4Vdd, V3(Low) =3Vdd, and Vout= — 4 
Vdd, the absolute value of Vgs at the time of ON of such relational expression to all the MOS transistors for a 
charge transfer is the same, as shown in Table 1 — being set to value 2Vdd is drawn. Therefore, the on 
resistance of MOS transistors M1-M4 for a charge transfer falls by high Vgs, it is efficient and the charge pump 
circUit L df-a high, powers isJriecessary is^usUtd diesigrr:the^t6 v - 

oxidation thickness (thickness of gate oxide) of MOS transistors M1 -^M 4 for a charge transfer in the thickness 

a^ff^fflMOSh ^'b^^y-H'' ; > — XraWiEVgs ■> Vgs- of the MOS transistor for a charge transfer is 
eawrcssm ^ and js efficient 



MOSFET 


M1 


M2 


M3 


M4 




2Vdd 


ZVdd 


-2Vdd 


-2V«m 



[0048] Drawing 4 is a timing chart for explaining actuation of a charge pump circuit. MOS transistors M1-M4 for a 
charge transfer repeat turning on and off by turns according to a clock pulse. Here, as for clock pulse CLK' 
impressed to the reversal level shift circuits S1 and S2, the noninverting level shift circuit S3, and S4, and CLKB', 
duty differs. That is, as shown in drawing, the low (Low) period is "set up short. For this reason, the period of ON 
of MOS transistors M1-M4 for a charge transfer becomes short. This reason is as follows. 

[0049] Since diode connection is not made, MOS transistors M1-M4 for a charge transfer have risk of a reverse 
current flowing, and this worsens power efficiency. Then, in order to prevent this reverse current, the period of 
ON of MOS transistors M1-M4 for a charge transfer is shortened, changes the clock pulse CLK and CLKB which 
are impressed to coupling capacitors C1-C3 at an off period, and is performing the pumping. 
[0050] Moreover, drawing 5 is drawing showing the voltage waveforms VI, V2, and V3 of each pumping node. The 
amplitude of clock pulse CLK' and CLKB' and delta Vds of Vphi are the electrical potential differences between 
source drains of an MOS transistor among drawing. 

[0051] In addition, in drawing 1 , the output circuit which takes out 2Vdd(s) is prepared from the 2nd step of 
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charge transfer MOS transistor M2. This circuit consists of MOS transistors Mm and Capacitors Cm which were 
controlled by the reversal level shift circuit S2. Since the direct current voltage by which 2Vdd was stabilized is 
obtained according to this circuit, it is suitable as other circuits, for example, a power source of a clock driver. 
[0052] As mentioned above, although the three-step charge pump circuit by the operation gestalt of this 
invention was explained, the number of stages is not limited to three steps. That is, the charge pump circuit of the 
number of stages of arbitration is realizable by constituting two steps of latter parts from a P channel mold, and 
constituting the remaining preceding paragraphs from an N channel mold as an MOS transistor for a charge 
transfer. 

[0053] In addition, although it was shown that the absolute value of Vgs of the MOS transistor for a charge 
transfer can be arranged with 2Vdd(s) in an above-mentioned three-step charge pump circuit, it is also possible 
to set it as 3 or more Vdds as an absolute value of Vgs of the MOS transistor for a charge transfer in a 
multistage charge pump circuit. 

[0054] For that purpose, what is necessary is to use the electrical potential difference of a latter connection node 
as a power source by the side of the high potential of the reversal level shift circuits S1 and S2 f and just to use 
the electrical potential difference of a latter connection node as a power source by the side of the noninverting 
level shift circuit S3 and the high potential of S4. However, if a gate oxide proof pressure (breakdown voltage of 
gate oxide) is taken into consideration, absolute value 2Vdd is most suitable. 

[0055] Next, the charge pump circuit concerning the 2nd operation gestalt of this invention is explained. Although 
the charge pump circuit mentioned above performs a plus pressure up, drawing 6 is the outline circuit diagram 
showing the two-step charge pump circuit which performs a minus pressure up (pressure up not more than OV). 
This two-step charge pump circuit outputs the pressure-up electrical potential difference of -2Vdd, and is 
suitable for performing the pressure up of -6.5V. 

[0056] In drawing 6 , the combination of clock pulse CLK\ CLKB', and a level shift circuit is changed. That is, the 
series connection of MOS transistorMI ' for a charge transfer, M2\ and M3' is carried out, and coupling-capacitor 
C1' and C2' are connected to the connection node. As for M1 ', touch-down potential (0V) is impressed to the 
source with the P channel mold. M2' and M3' are N channel molds. 

[0057] Moreover, the output of reversal level shift circuit SI " is impressed to the gate of M1\ and the output of 
noninverting level shift circuit S2' and S3' is impressed to the gate of M2' and M3\ And minus pressure-up 
electrical-potential-difference-Vout is outputted from the drain of MOS transistor M3' for a charge transfer, and 
the current load L is supplied. 

[0058] Here, in order to set the electrical potential difference Vgs (at the time of ON) between the gate sources 
of MOS transistor M2' for a charge transfer to 2Vdd(s), the power source by the side of the high potential of 
noninverting level shift circuit S2' was set to Vdd. thereby — all — a charge — a transfer — ** — an MOS 
transistor — M — one — \ — M — two — ' — M — three — : ' — the gate - the source — between — an 
^lectric^ potential differed ON) ^r an 

[0059] In addition; it sets to drawing .6 and is from the 2nd step of charge transfer MOS trahsistorM2'; - The : 
output circuit which takes out Vdd is prepared. This circuit consists of MOS transistor Mm' and capacitor Cm' 
which were controlled by noninverting level shift circuit S2\ According to this circuit, since the direct current 
voltage by which -Vdd was stabilized is obtained, it can use for other circuits. 

[0060] Drawing 7 is a timing chart for explaining actuation of the charge pump circuit of the above-mentioned 
configuration, a charge — a transfer — ** — an MOS transistor — M — one — ' — M — two — ' — M — 
three — ' — the gate — impressing — having — an electrical potential difference — Vgs (M1) - Vgs (M3) — M - 

- one — ' — M — two — ' — M — three — ' — alternation — turning on and off — repeating . Here, CLKB' has 
prevented the back flow of a current clock pulse CLK' and by shortening a low (Low) period. In addition, the 
voltage waveforms V1 and V2 of each pumping node were shown in drawing 8 . 

[0061] Next, the charge pump circuit concerning the 3rd operation gestalt of this invention is explained. Drawing 9 
is the outline circuit diagram showing the three-step charge pump circuit which performs a minus pressure up. 
The configuration of this circuit reverses fundamentally the polarity of the component of the charge pump circuit 
shown in drawing 1 . namely, — the preceding paragraph — two — a step — a charge — a transfer — ** — an 
MOS transistor — M — one — ' — M — two — ' — a P channel — a mold — the latter part — two — a step - 

- a charge — a transfer — ** — an MOS transistor — M — three — ' — M — four — ' — an N channel — a 
mold — constituting — ; **** . 

[0062] reversal — a level shift — a circuit — S — one — ' — low. voltage — a side — a power source (potential 
B) — ****** — a pressure up — carrying out — having had — one — a step — the back — a pumping — a 
node — an electrical potential difference — V — two — ' — returning — using . the same — reversal — a level 
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shift — a circuit — S — two — ' — low voltage — a side — a power source (potential B) — a pressure up — 
carrying out — having had — one — a step — ■ the back — a pumping — a node — an electrical potential 
difference — V — three — ' — returning — using . moreover — reversal — a level shift — a circuit — S — one 

— ' — S — two — ' — high — potential — a side — a power source (potential A) — ****** — eac h — a stage 

— an electrical potential difference — it is — Vss — V — one — ' — respectively — impressing — having — 
**** . 

[0063] On the other hand, as a power source by the side of the high potential of noninverting level shift circuit 
S3' (potential A), electrical-potential-difference V1 ' of the pumping node of one step ago is used, and electrical- 
potential-difference V2' of the pumping node of one step ago is similarly used as a power source by the side of 
the high potential of noninverting level shift circuit S4' (potential A), moreover — reversal — a level shift — a 
circuit — S — three — ' — S4 — ' — low voltage — a side — a power source (potential B) — ****** each 

— a stage — an electrical potential difference — it is — V — three — ' - Vout — respectively — impressing — 
having — **** . 

[0064] In addition, the configuration of reversal level shift circuit ST and S2' is the same as that of what is shown 
in drawing 2 , and the configuration of noninverting level shift circuit S3' and S4' is the same as that of what is 
shown in drawing 3 . Moreover, since he can understand actuation of this charge pump circuit like actuation of the 
charge pump circuit of the already explained plus pressure up, detailed explanation is omitted. 
[0065] According to the above-mentioned configuration, the absolute value of Vgs of all MOS transistorMV for a 
charge transfer - M4' serves as identitas value 2Vdd. Therefore, the on resistance of MOS transistorMV for a 
charge transfer - M 4' falls by high Vgs, it is efficient and the charge pump circuit of the minus pressure up of a 
high power current can be realized. Moreover, since what is necessary is just to design the gate oxidation 
thickness of MOS transistorMI ' for a charge transfer - M4' in the thickness which bears 2Vdd(s) uniformly, 
compared with the case where Vgs of the MOS transistor for a charge transfer is uneven, it can design on 
resistance low and is efficient. 

[0066] As mentioned above, although the three-step charge pump circuit which performs a minus pressure up 
was explained, the number of stages is not limited to three steps. That is, the charge pump circuit which performs 
the minus pressure up of the number of stages of arbitration is realizable by constituting two steps of preceding 
paragraphs from a P channel mold, and constituting the remaining latter part from an N channel mold as an MOS 
transistor for a charge transfer. 

[0067] Next, the charge pump circuit concerning the operation gestalt of 4 of this invention is explained. Drawing 
10 is the outline circuit diagram showing the two-step charge pump circuit which performs a minus pressure up. A 
different point from the 2nd-step charge pump circuit concerning the 2nd operation gestalt shown in drawing 6 is 
the following two points. 

1) MOS transistors M1, M2, and M3 for a charge transfer are N channel molds altogether. 

2) Use Vdd or GND as ON state voltage -{gate voltage at the-'tirrre -of -ON>'bf :the ^MOS" transistdrtf or a . eharge:^- - 
transfer: That is, Vdd, Vdd, and GND are used, respectively as a power source by the side of the high potential of 
the noninverting level shift circuits S1, S2, and S3. 

[0068] Therefore, in this charge pump circuit, it is set [ 1 / M] to 2Vdd(s) about Vdd, M2, and M3 as Vgs at the 
time of ON of a charge transfer MOS transistor. Thus, unlike the 2nd-step charge pump circuit concerning the 
2nd operation gestalt, in the charge pump circuit of this operation gestalt, Vgs at the time of ON of all charge 
transfer MOS transistors cannot be made into the same value. 

[0069] However, since all charge transfer MOS transistors are formed with the same channel mold, the advantage 
which can simplify a manufacture process (manufacturing process) as compared with the 2nd operation gestalt is 
large, concrete — the 2nd operation gestalt — triple one — a well — according to this operation gestalt to 
structure (triple well structure) being indispensable — a twin — a well — since structure (twin well structure) is 
sufficient, the part manufacture man day can be lessened. 
[0070] 

[Effect of the Invention] According to this invention, since the high electrical potential difference more than 
threshold voltage can be impressed as an electrical potential difference Vgs between the gate sources of the 
MOS transistor for a charge transfer, an efficient charge pump circuit without an electrical-potential-difference 
loss can be offered. 

[0071] Moreover, the on resistance of MOS transistors M1-M4 for a charge transfer falls with the high electrical 
potential difference Vgs between the gate sources of 2 or more Vdds of absolute values, it is efficient and the 
charge pump circuit of a high power current can be realized. 

[0072] Furthermore, what is necessary is just to design gate oxidation thickness in the thickness which bears 
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2Vdd(s) in an absolute value uniformly, since the electrical potential difference between the gate sources of the 
MOS transistor for a charge transfer, and the gate and the electrical potential 'difference: between substrates xan 
be arranged with a fixed electrical potentiahdifference (they are 2Vdd(s) at an absolute value). Thereby, compiared 
with the case where the electrical potential difference. Vgs between the gate sources of the MOS transistor for a 
charge transfer is uneven, on resistance can be designed low. "' 

[0073] Since according to this invention the charge pump circuit of a plus pressure up and a minus pressure up 
can be offered and the charge pump number of stages can moreover be set as arbitration further again, it M 
becomes possible to obtain a desired pressure-up electrical potential difference. ' 



[Translation done.] 
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JPO and'NCIPI are not responsible for any 
damages caused by the use of i this translation. 

1. This document has been translated by- computer: So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. - • 
3.1n the drawings; 4 any words are not translated. = . , 



DESCRIPTIONS DRAWINGS t , 



[Brief Description of the Drawings] / . 

[Drawing 1] It is the outline circuit diagram showing the charge pump circuit concerningithe 1 st operation gestalt 
of this-invention.'. ' ».vvh-;, .'. ::\,.- . - * •(••*' - .. . • • • * r r. u.->v. >-v ■ 

[Drawing^] It is 3 drawing showing the configuration of a reversal level shift circuit, arid a wave of operation. 
[Drawing 3] It is drawing showing the configuration of a nonihverting level shift circuit, and a. wave of operation. 
[Drawing 4] It is a timing chart for explaining actuation of the charge pump circuit concerning the 1st operation 
gestalt of this invention. 

[Drawing 5] It is drawing showing the voltage waveform of each pumping node of the charge pump circuit 
concerning the 1st operation gestaltof this; invention. . r> ; !.;r . ; 

[Drawing 6] It is the. outline circuit diagram showing the charge pump circuit concerning;the 2nd operation gestalt 
of this invention. .l>< : t > • ; -r • 

[Drawing 7] It is a timing chart for explaining actuation of the charge pump circuit concerning the 2nd operation 
v -gestalt<of:W -:CV^ y?.. irv - 

[Drawing 8] .It is drawing showing the voltage waveform of each bumping node of the icharge; pump circuit ^ 
concerning the 2nd operation gestalt of this invention. - -■-> r : ^ : - ; . r ; . 

[Drawing 9] It is the outline circuit diagram showing the charge pump . circuit concerning the 3rd operation gestalt 
of this . invention. • - - v' 

[Drawing 1 0] It is the outline circuit diagram showing the charge pump circuit concerning the 4th operation gestalt 
of this invention. ... ....... » #;.m:w . t.». - t < ^*S> . 

[Drawing 11] -It is the circuit diagram showing the charge pump circuit concerning the conventional example. 
[Drawing 12] It is the circuit diagram showing the charge pump circuit concerning the conventional example. 
[Drawing 1 3] It is the circuit diagram showing the charge pump circuit concerning the conventional example. 
[Description of Notations] ! < , 

M1-M4 MOS transistor for a charge transfer 
C1-C3 Coupling capacitor 
Cout Output capacitor 
L Current load 

S1, S2 Reversal level shift circuit 
S3, S4 Noninverting level shift circuit 
CLK, CLKB Clock pulse 



[Translation done.] 
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Ml 6£<i;tT^£o ^r UT, MO S h7y^^Ml 
5 ©y- M£fi«EV 1 2*s^]jbP$tt5i:#twy-^tc 

[003 7].Jfc, MOSh7y^^M16©y-h 40 
fcttV 1 2 £5S»*B©«EV 1 liSPPJP$it5i*^y— 

Bt?fc5o Ml U Ml 2&N s ?-V*Jl'M< Ml 3~M 

16 ttP^-^-^/witf-efeSo 

[003 8].4fc < j2 (b) tc^1-«fc ±j*©*te 
^©U^Vi>-7 MUgSKJo^T, MO'S h7^^^Mf 
1 5. Ml 6 4rl'^-^«lj|fei:i-5<t o\cmWLXii* 

[0 0 3 9] ±3£Lfc«k©RiEW<A->7 hIal8S©»l 
f£&M£El2 (c) fc*i? 0 '.^©^^V.^^MsIgS^V so 



5 

/>^(High)mffit 0V^tt}73-f-5©tC*fLT, £©W< 
/V'yy M5]SS»imfil[A t tfWm&B (A> B > 0 V) £ 

«3£-*-*J:5fc, «ffi*S3lfflMO S b 7 >-V* 
^Ml, M2©4*-b • FW V|HJ*JE©»*Mft$r— £ 
SJE (2Vdd) fc»*.5::£ji?*rtBK:jfca. 
[00,40] ffiW&l"<W7 MhISSS 3, S4 

y vmms 1 v s 2 £Sfc5£fi» ^ffcAfc^vrs/? 0 
$tvfcMOS hyy^^Ml 5©y- bfcWEV 1 1 
«sppip$ix, m-etB fcTVUT y^^ixfcMO S F7VV 5 
7>?M1 6 ©y— H-^flEV 1 2.frRtfmZflX^Z>&X* 
tb%> ( El 3 (a) ) „ fctJ, 0 3 (b).K*i"J;5 
\Z. S MOS h7y^^Ml 5, Ml 

[0 04 1 ] 1113 (c) ©ftf^«»BOfc*i-J: 5 fc» r 
©^KK W^VS^ h [hISS S 3 , S 4 ttATjSJE I 

IfflMOS h7X^^M3, M4©y- h • KW^ 
ra«ff©«5*Hitt'Sr-3e«ffi (2Vdd) tctifx5rt*s 

[004 2] ^(SU"</ViX7 MiMS 1 « S2> 

MslSSS 3, S4tft— ^^tro 
^BI#f*WT©alt3-efc5. SlEW*/^? MUISS 
lfcli^o y^/>VV*CLK' . gfel"</V->7 MUSS ' 
S2l;ii^D;y^/^CLKB' 2SA7J £*l<?>o 
y^^CLK' iCLKB' li**^ny^^ 
CLKiCLKBi^M^M^ mit^fflMOS 
h9Vi?^^Ml~M4K:m«E*SiS»«fr50*B&Jt"fa 
tcMc, uy (Low) (DWM<4ot^5„ -T^ 

tf fiiSMO S. h 7V v'^^M 1 ~M4 
\Z*y LT*^ ^ n y ? /</VX CLKiCLKB ©^Mfc 
\z£ <9&7$>-t?^yj- K©#JEESrfr5 <t 5teLTV^ 
5o ±jE^o s/^/^u^©-tfl[ffii8^»±04^$JxTV , > 
■•5. 

[0 04 3] Ell tC^$^TV>5 <t gfeu 

^<;Vi/7 1 ©iS«&fiUJ©mi!f («{SltA) t LT 

it. AmZtiltlStftntf K©«EV2Sr 
WUtfflV^. .W*fcS*tV"^l'^7-bH»S 2©S 
ttfi[fi!l©«aS («ffiA) ■ t 'LTWESftfcl 
t°V^/— K©SJEV3Sr'JfitbTfflV>5o Sfe 

muks.-i , s 2 ©<sm-fii:ft!i© , i;as 

. B) t UTIi; =&S©ffiJE-C*>5Vd,d. V 1 tf%*m 
. JP$nTV>5.,i . *' ..J 
, [ 0- 0^. 4-4 ]. — - u-rifl>'y y S 3 ©iSSf 

, te«a©mi!S' («(tB-)V t uxte; . 1 ©Buw^^^v^y 

* m&S 4 ©teS{i{l!|©SaS, (S^Br) : i LTJiv 1 SWs 
©^v^>-^/-K©miEV2;^v>e>^5. 4fc, S. 
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teu'ouf 7 Mafss i; s-2 <oi*mi<Lm<DW& (wsl 

[0 0 4 5] ±xELfe*HJt^li^«t5^-r-^7K>'7' 
HlKW(RF^Sr5?i^i-ixHf^T©ii*)-efc5. fit, Itr 
S 2 -OO^StsilMO S > 7 y v'^^'M 1 , M2fiN 
ftft2oO«IWKlIMOS h 

HIeISSS 1 t S 2, *KIE^V7 hHJ&S 3 
t S 4 4rS$»tfc^-C-*>5o "• • 
[0 0 4 6] t^lF^y-^ 
7^Mi~M4©y- h • y— ^p^mvg s (b7>- 

9&*'s1ttM<om l±KT© t *3 •? 2 V d d 

Vgs (Ml) =V2 (High)-Vd d 

Vgs (M2) =V3 (High)-V 1 (High) 

Vgs (M3) =V 1 (Low)-V3 (Low) 

Vgs (M4) =V2 (Low)-Vo u t = 



10 

V 1 (High) = 2 V d d , V 1 (Low) = V d d 

V 2 (High) = 3 V d d % V 2 (Low) = 2 V d d 

V 3 (High) = 4 V d d , V 3 (Low) = 3Vdd; Vou 
t = 4 Vd d. 

rH^<D|fl#^fe, ^t©^fgSfflMOSF7yv ; 

x*<n**f$v> v g s <D^Mi&tm l t*i-«fc 5 ICR— 
ffl2 Vd d rfcjJsafcWbS. L-fc*S-3T. iS^V 

> g s Id.): ?)^fl£j£fflMOS h7V-^^Ml~M4© 

^^Ml~M4cD-7 i — f SMliJKff (thickness of gate o 
xide) 2 V d d fc»jfc5ff*fc|«mtfi6v* 

"Cfo5>#-^-lCit^T s ^-VffiJi (ON-state resistanc 
e) «MS<Ktl--<?S3MWSAv>. 
[0 04 7] 



MOSFET 


Ml 


M2 


M3 


M4 


v„ 


2Vdd 


2V.U 


-2Vdd 


-2Vdd 



[0 04 8] EI 4 fi^-Y-v 5 * ^7®m<D®ft&l}lW-f- 
Z^fm-QhZo Sf!ElfflMOSh7y 
v 5 * *M 1 ~M 4 fi^ n y ? s</lsX itfc 
• ^-7 5ri^9 5Si- 0 Sfel/K/i/V? M38gS 1 

iJS2,'*R6l«<^/7 MhISSS 3iS4 Kflttn^tu 
j/^/nVu^CLK' , C LKB ' f±-r=L— 
i-ftfr*>, HlfC^-r«fc5t-n!7(Low)^fflP^^ 

[0 0 4 9] S^fteSlfflMOS h7V-^^Ml~M4 

©je*l6j**«rWCfc», Hite^MOS h7^ 

jg-£-=">"r>'f-C 1~C 3frfpjp$H2>^ a y#;*j\>x 
CLK, CLKBSr^L^i^C^Vf>' ; /SrtToTV> 
5. 

[0 0 5 0] ■p.tc. m 5 it&tf^ K©«£ESt 
iVl, V2> VSSr^-TEI-CifcS,, ISIfs V$»i^n 
•^^/nVU^CLK' , CLKB* AVdstiM 

o s h v v v 5 ^ * © y— * k l^t ^ramjE-efcs. 

[00 5 1]'4*5, El 1 d&I^T, 2gg»I^M 
OS h7^;?M2^o2Vd d 9 mi- tunings 

2»C«t-oT»$HfcMOS h7^^Mmi3> 



d dC0^L-fciESft^;jE^#^^;ScD-T?, tecDIelSS, 0|| 

[0 0 5 2] £(±, *JBW©3fett»*»£J:5 3«^^ — 
5?*>'7*ia»fcov^rttWUfc*s < .-.t-©ia!»:B:3«K:|» 
so iH/«CV\ -T^:^^. mffi*5j£JHMOS h7 

[0 0 5 3] fc*J, ±xg(73 3^-V-^7K>-7 , |H]SS}c4o 
^Tfi®if i|Ei£fflMO S h7y^^©Vg s©&*Mi&: 
&2 Vd d\zffljLZZ. tiSff5: irSr^LfciS, #S 

•^?©Vgs©^itL-r, 3 V d d ^JifCiS^-t- 

40 [0 0 5 4] %<Dtctbia*^ W&iU'<;V*/y MaJSgS 

©•EStfJffl L, #R<E w*/^? M3ESS 3 % S 4 © 

ffl-f*Uf&V\, fcfc'U -7 1 - hBMHRiNEE (breakdown v 
oltage of gate oxide) Sr%Iti"H(ii^>tt{iE2 Vddii 

[0055] mc*&w<Dm2(onMMm\z&z^*r- 

50 (0 V«T©#JE) SrtT^ 2m^-^-^^ym^7jk 
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Utti&iHiilia-efcs. -©2 a*-*— ^jtfVynatett* 
-2 Vd dW#JEttJESra^-r5t>WT*fot), fllfctf- 
6. 5 V<DftB.&?f5<D\z&l.X^Z 0 
[0 0 5 6] |H6^4a^T, i'D^^CLK' , 
CLKB* h \"<A>i/y MHJK©*fl*-&*?*Sr^HbT 

r ,M2\M3' flsawwaRSiv -h 

ic^ayfyfci' s C2' #S8R*ivci^S. M 
i' ttP^-t^^li-ey— (ov) 

&;h/0>5 8 M2' s M3' iiN^-Y^A-S-CfcS., i° 

[0 0 5 7] M l ' <r>V— 

nates i* ©m^3*sppiP$^ M2' , M3' ©y- . 

Mcfi^RteUf?A">'7 MhIKS 2' , S3' oa^ 
*M3' O K^y^f,-7/f t7#)igE-V out*! 
[0 0 5 8] r. Ct*, .«ffir*w£fflMOS F7>"^^M 

2' <ov— v • y-xmm&v e s (*>u#) &2vd 
dt-t-5fc*ic, #sH£w<a->:7 Mates 2' ©asm 

IfflMOS F5^^M1 ' , M2 ' , M3 ' <Df— 

v • y-xmmfev g s (^-v^) ©*fe*Hj£& 2 v d d 

[00 5 9] H 6 K*5^T, 2^1 ©tefflMEiSM*'.- 

OS h7^^M2; t)^h-V d d^vm-ttH^m- 
SS2' KJzoTfMfPSttfcMOS h7^?Mm' 

^^vtcm' i>f)i)SShtv^„ r©iatel~«fc 
-V d d©^L/iil:^®l£;dS#fe;fr5©xMt!l© 

[0060] 111 7 t±±timi&<D7*-i?rti'-7mto<DWi 

OS h7V^^Ml ' M2' , M3 ' ©•T* — M-EP 
JP^HSffiJEVgs (Ml) ~Vgs (M3) tCi!9, 
Ml* > M2' % M3' ttSEEKd-^7*|»!JSi-. 
^r-C, ^Dy^A/WCLK' , CLKB' lia V 
(Low) oJHMSrfi<^aiifcJ;9» @SSt©$Sfc£rE* 
lkLT^3 0 &*5» @8ll#^yfyy/ - K©«JB£ 

[0 0 6 1] ftk:*«W©JS 3 ©Hife^fBlciSS^-Y- <° 

a^^-^*^iais*r*i-«B»iaisia-c*>*. -win 
Kr»2»©mw<Ka6ffiMos h^^^Mi' » m 

2' teP^^yi'SL. &a2a©m*5lEj£fflMOS h7 
y^ii!M3' , M4' (*N^-v^.;uiy-e^LTV^ 

[0062] w^^^^yy Mates 1 • ©tem-fsway© 
max («ttB) t bttt, -^ffis^fciaaojK^trv so 



/\"yy MSIteS 2' O&ttffitilQttfll (m{4B) fi#ffi 
$tlfeir#©#V^//-K©?BEV3' -SrML-T 
ffil^S. gfi^WHilKsr , S2' © 

Vs s, VI' tf£*g]ftl£*VCV\&. 
[0 0 6 3] .^SMk^^^yy Mates 3' ©iii 
tttt<N©tt&[ («ttA) -irb-Cfi, iamJ©*Kvt'v>/ 

7 Mates 4 ' ©i«mfe{a!i©HM owtA). t L-xtt, 
iaHtr©^vt , '>' : //-K©ajEV2' *sfflv^ntv^ 

5, gfiU^VTHsISS 3'- , S4' 

tefly©*K («^B) t lttt > #ao«jE-e*»5v 

3" , -Vo u t*5^,!rpn^p$tl--C^5. 
[ 0 0 6 4 ] **S> £gV"<;Vv'7 HUBS 1 ' ts 
2 ' <Dffif&tem 2 K^1-t>©i PJ— Cfc 0 ; 

Mates 3' tS4' ©^{ilHSfc^i-troi: 
IS— C*>5..*fc» r©5^-^>-:7°iate©flHmgE 

^nw^fcy'? *&m.<D^^~vtf>-y°\&n l <oW)ftkw\ 

[0 0 6 5] ±3£©1»j3jcl£ < fcaxtf N £-C©«#iS5£fflM 
OS h?y^#Ml' ~M4* OVg s ©IfefcMitfill 
-tt2Vddt/i:5. UWot, K^VgstJ:9I. 
fKifflMOS |>?yi?^Ml' ~M4' ©^"Vifigt 

-^yyiate^5a-e#5c s^ctmosi 
7y-^?Mi' ~M4' ©y- bmitmmit-m^2 

MOS F7y^^OVg s*s^F.*&— -Cfc5.#^-lCJt-< 
[0 0 6 6] «± % --r-f 5 3 + 

v7 p late^co^^TIftKL^/i^ *©i»tt3afci8£s 

^^tUTMa2aSrP^^^M, j««?©ma-lrN^ 
+^/H!t?#iaSi-5 r. t J; 5 ftf©g»©v^ 
ffi§rtT 5 ^-r-^yriate5rlia-r 5 r t ds-c# 5 0 

[0067] m^mm<^4(DmMmmK-mif- j r-i> 
#^y°®&zmw-rz 0 mi ott^-r-T-^^^trp 2 
a^Y-v ? ^vyiate^*i-istteiate[2i-cfo5 < , ni6K 
^ bfc^ 2 ©ms^flgj^s^ 2 a^r-v>7Kv7°iate 

iM^S^tt^© 2 ^T-fc5o 

1) m?SrtEi£ffiMOS F^y^^Ml , M2, M3«i 

2 ) mi«fte^Mb s.. h 7 ^v?^ ^rotyiff (^-v^f 

<D?— YnB.) t LtV'd d^fcfi.GNDSrfflV^, "f 
fc*?*>* h [ate S. 1 , S 2; S 3 ©R;.. 

mflUM0ff&(£ bT; !-€-tt-t**UY d d , V d d % G N D.>- 

[0 0 6 8]! ^©fcftV -©f -V— v 5 ^KV7'iatei-*5V^ 

■c. «#tei^Mos h7y^^o*y«F©v g s t u 
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Tfi* M 1 Klo^-CteV d d, M2MM3 ICOVTte 

[006 9] La» LftrfS m?t^jHMO SF7 Vv 7 * 
*£:feTl5)— ft^/HTMLtl^©-?, ^2CDH 
MMWlfcifc^XMl&T'a-teX (manufacturing process) 

WM-QH V y yVP^/VfltitUriple well structure) 

^^MtagCtwin well structure) "CSL 9 3 (DX*. 

[00 7 0 ] 

[?gBJ<0^)*] *&WlZ£h^ mifflMOS 
V^^cd-Jt- h • V— ^.ffimjEEVg s t UTBHflt®JE 
U-k<?>l5l<^B.$:?PMX'Z Z><DX, ^j£n;*<E>&i^iti#) 

[0 07 1] 3&*Mii2 Vd dU±<om^^— h • 
V— ^KmjEVg s let O'lffeifflMO S F7^7 
^Ml~M4©^->-ffi^ST*5«9 x iaSb^T^m^SM 

[0 0 7 2] ttltlE^MOS h^V^^^cO 

(M*Lfc£. *feMffit?2 Vd d) icajx.-5it^T^.5ro 

x\ f~ hmtmm±-mzt&*tmx* 2 v d d km*. 5 

F7y-^^o^-h • y— ;*ng«ffivg stfs^*9— c 
[0 0 7 3] $5>(c^fc, *^K^J;tttf, y°7X#ffi 



[ei 1 ] *»gn©* 1 ©sesjgiBfcffia^-Tr-i?*^ 

[0 2] &RW<fi,*s7 hE\t&<Dm&Rimft$LM&m 

[03] *ste^^7 bsa&^macAxmammi: 
Tni-mxh^o 
[04] #^©|fll<a|t»i{c#3^-^#V7- 

[0 6] *«W©»-2o3a6»llfifc«5^--r--5?#>'7' 
'0K'Sr^-t^WSia(S|glT»jb5 o 
[0 7] *&W<Ofg2<DMmMmz.&Z?-'r-V#>'-7 

[0 8] *«M©JB2©iefi»«^«5^^-^df^7' 

[0 9] *%w<Dm3(DnMftm\z&z^*-i?#>'7° 

[0io] *^B^©m4<o^tfe^fi^55 i -r-^v 

[011] «*Wfc«5^*-S?;#v:7EI»«:*i-|lll& 
0-CfcS. 

[012] «*«lw«5^--ir-^JK>rii]ISSr*+llItt 
0T'fc5o 

[013] «*Wfc«5^+-5?#i^|eI»«:*"*-|E]|& 

M1~M4 
C1~C3 
C o u t 
L 

S 1 , S 2 
S3, S 4 
CLK, CLKB 



V-T^Vf" 

# a y $ /<;UX 



[01 o] 



[01 1] 



S3 



S2 vdd . 51 




<]— CLKB 1 



Vout 
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<9) 




/' o 



+Vo = 2Vdd 



Mm 



ZVdd T7KT 



[06] 




GND 



; Mm' 
\ Cm 



i_YC)-Vo=-Vddv 
X/^- -VddftMllSS 
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[124] 



CLK 



CLK8 



CLK' 




CLKB' 



Vg(M1) 



Vg(M3) 



Vg(M4) 



*7 



*7 



zf ? x m je * * - v * > ^ m » o & « ^ in m o 
s f e T<r>*f— h KEPftn^tt&m^ 'w s >y 

[012] 



v 3 + Av 

v 2+ Av _Aj7 3 

*i*Av ~\_A_v 2 / . 

V,_j\j \ / MDO J 

© ® ® i 1 T°t 



DO 



I 



MD1 
MS1 



MD2 




I 



.MS 2 



J 1 



— LJ — ^^_J — 

yMS' 



I 



'HH 



u — I 



MD5 



$1 
$2 



ci j C2y C3 y C4j csj 
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[05] 



AVds. 



V3— ■= 



V2 



+Vout 



CLK' 



CLKB' 



t 



A 
T 



Vd 



t 


Vdd 
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CLK 



CLKB 



CLK' 



CLKB' 



Vg(M1) 



Vg(M2) 



Vg(M3) 



[El 7] 




*7 



S F ET(DV g s fc^<»? 5 >y 



[09] 



-Vout 
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[IDS] 



GND 



-Vout 




CLK" 



T 

s/4> 

4 



CLKB" 



[Hll 3] 



v 3 +Av 

v * +A * ^ _-TVX. 

© © © MOO J 



v 3 



MP1 



CI 



MD3 




jtJjtl (K jnXrn 1 .^ti^jtl 

MN1 M|MN2 M ^ 



MN2 <-f 
MP2 | 



C2 



MP3 



C3^ 



r-, M04 



r 



MS4 

X 



, MN4 Li 

mp4 r 



HH 



MDS 



ft 

<t2 



C4 = :l C5 — 



